Background and Purpose: The purpose of this study was to test the reliability and validity of the conceptual model of critical care nursing using the Nursing Activities Score (NAS) for intensive care unit (ICU) patients. Methods: An observational study conducted in 2011 using the NAS scores of 219 patients in Norway. The inter-rater reliability (IRR) was tested by parallel classifications. The validity was explored by an exploratory factor analysis (EFA) and a confirmatory factor analysis (CFA) as the measurement models in the structural equation model. Results: Within the paired ratings the Spearman's correlation coefficient was 0.39. The EFA results explained 77% of the variance with six factors. The reduced CFA model resulted in a three-factor model: relationship, prevention and treatment. Conclusion: The findings supported the IRR and construct validity of the conceptual model of the NAS.
how sick a patient is, a patient's dependency on nursing, the nursing process, and the time required for nursing activities (Fagerström & Vainikainen, 2014; Inoue, Versa, & Matsuda, 2014; Morris, MacNeela, Scott, Treacy, & Hyde, 2007) . One patient classification system in critical care nursing (CCN) is the Nursing Activities Score (NAS), which uses a combination of the amount of care and level of activity and comprises 23 items with subitems (Miranda et al., 2003; Padilha et al., 2015) . The NAS tool has been used for more than 10 years in a variety of countries, but its theoretical foundation has not been a subject for tests (Reis Miranda & Jegers, 2012) . To the authors' knowledge, there is relatively scarce information concerning the reliability and validity of the NAS. There is a clear lack of studies that have explored and tested the conceptual model of CCN in classification systems.
BACKgRouND
The first review of the NAS tool in 36 studies explored the contexts, methods of application, and purpose for using the NAS in clinical settings showed a widespread use of the instrument (Lachance, Douville, Dallaire, Padilha, & Gallani, 2015) . The NAS has been tested for several types of validity such as content, construct, criterion (concurrent and predictive), and convergent or discriminant validity in studies from several countries.
Content validity was explored using Italian critical care expert nurse focus groups (n = 7) and in a translation process on face validity currently used by 10 experts (Palese et al., 2016) . The NAS tool was considered not fully adequate to measure current ICU nursing activities and their weighting of average time consumption. The construct validity in an exploratory factor analysis (EFA) of 164 scores showed that one latent factor explained 58.9% of the variance and that seven latent factors explained 70% of the NAS (KaiserMeyer-Olkin = .589). They concluded that the psychometric properties of the Spanish version of the NAS were acceptable (Sánchez-Sánchez, Arias-Rivera, Fraile-Gamo, Thuissard-Vasallo, & Frutos-Vivar, 2015) .
Criterion-related validity was tested in concurrent validity between two patient classification systems-the Therapeutic Intervention Scoring System (TISS)-28 and the NAS-in 200 patients during admission to four ICUs in Brazil (Padilha, de Sousa, Queijo, Mendes, & Reis Miranda, 2008) . In the logistic regression model, the results of a high TISS-28 (i.e., above 23 points) increased the possibility of a high NAS by 5.45 times compared to lower values. Concurrent validity was also tested between the recommendation of workload (number of nurses) in the COFEN Resolution No. 293/2004 and the NAS (Inoue & Matsuda, 2010) . Based on the results from one ICU (n = 107), the average of the NAS (697.3%) showed the following: there was a high nursing workload; the nursing staff of this ICU should have had 40 professionals instead of 28; and the proportion of 35.7% nurses did not agree with the recommended proportion 52.5%. Similar results were evaluated in neonates in five ICUs between the COFEN and the NAS (Nunes & Toma, 2013) . One study included patients (n = 149) from a general ward (Panunto & Guirardello, 2009) and found that each 1 NAS % was equivalent to 0.24 hours and that on average, 34.9% of the workload, representing 8.4 hours of nursing service, was delivered during 24-hour care. Compared to the COFEN and the obtained score, this finding was evident for a profile of patients demanding intermediary and semi-intensive care. Criterion-related validity was tested between two patient classification systems on 730 medical patients in one ICU in Spain (Carmona-Monge, Rollán Rodríguez, Quirós Herranz, García Gómez, & Marín-Morales, 2013 ). Pearson's correlation coefficient for individual measurements through the NAS and the Nine Equivalents of Nursing Manpower use Score (NEMS) corresponded to .67 and .93, respectively, for the daily workload in the unit. The results showed that staffing requirements based on NAS scores were significantly higher than those based on NEMS scores.
A more unusual way to study validity is predictive validity. In Brazil, Ducci and Padilha (2008) applied the NAS prospectively and retrospectively to 104 ICU patients. The results were found to show moderate correlation between the prospective and retrospective mean NAS (Pearson .65). They concluded that the prospective NAS performed well in measuring nursing workload for the subsequent 24-hour period at the ICU. This tool can be used in planning for adequate staff numbers.
Convergent validity of the NAS, here in a comprehensive and representative study of workload and APACHE II, was performed in seven ICUs in Poland on 314 patients (Cudak & Dyk, 2009 ). There was no association between the proposed measurements with the unrelated construct. A significant difference in high workload (as NAS) was found between survivors and non-survivors. The NAS was empirically tested for validity in different patient samples and countries: trauma patients in Brazil (Nogueira, Domingues, Poggetti, & de Sousa, 2014) ; general and surgical patients in Brazil (Kakushi & Evora, 2014) , in Norway (Stafseth, Solms, & Bredal, 2011) , and in Italy (Lucchini et al., 2015) ; and workload per shift in Belgium (Debergh et al., 2012) .
A body of research during the past 10 years has focused on how reliable the NAS is. Findings from Brazil indicated a strong association between the NAS score and related factors and outcomes (i.e., the Simplified Acute Physiology Score (SAPS II), length of stay (LOS), age, and mortality) (Rivera-Fernández, Nap, Vázquez-Mata, & Reis Miranda, 2007; Padilha et al., 2008; Silva, Sousa, & Padilha, 2011) .
The inter-item correlation of the NAS was high (M = .88), and Cronbach's α was .99 in a Norwegian study (Stafseth et al., 2011) . A Spanish study revealed that the inter-rater concordance and intra-class correlation were high between nurse-raters (Valls-Matarín, Salamero-Amorós, & Roldán-Gil, 2015) . Findings from Norway (Stuedahl, Vold, Klepstad, & Stafseth, 2015) on the IRR between health professionals (i.e., critical care nurses) reported a mean NAS of 88.4%, whereas physicians had a significantly lower mean of 83.7%. This result can be converted to time and is equivalent to a difference of 1 hour per 24 hours for each patient.
Other empirical studies have focused on nursing workload and intensity. For example, NAS acted as a protective factor against the development of pressure ulcers because of the higher number of nurses who adequately cared for patients in preventing and reducing risk (Cremasco, Wenzel, Zanei, & Whitaker, 2013) . Excessive nursing workload was the main risk factor for healthcare-associated infections (Daud-Gallotti et al., 2012) . The NAS had a positive correlation with total family satisfaction (Gerasimou-Angelidi, Myrianthefs, Chovas, Baltopoulos, & Komnos, 2014) . No differences in workload were found among elderly patients (Sousa, Gonçalves, Toffoleto, Leão, & Padilha, 2008) . Theoretical considerations of the NAS in critical care have not been explored and are of interest in the present study.
CoNCePTuAL FRAMewoRK
The concept of nursing can be explained in domains of nursing care. The concepts are the basic building blocks of a theory or a conceptual model (Polit & Beck, 2014) . The domains of nursing care are related to a helping role, a teaching-coaching role, diagnostic and patient-monitoring function, effective management of rapidly changing situations, administering and monitoring therapeutic interventions and regimes, monitoring and ensuring the quality of health-care practices and organization, and work-role competence (Benner, 2001; Kitson, Conroy, Wengstrom, Profetto-McGrath, & Robertson-Malt, 2010; Kitson, Marshall, Bassett, & Zeitz, 2013; Myny et al., 2014) .
In Nordic research (Athlin, 1998; Fagerström, 1999) , the core domains of the nursing process have been described as two domains: the interaction between the patient and nurse, and the nursing care activities. These two domains are interconnected in surroundings with nursing resources, environment, organization, and competence. Nurses' competence is a major factor of the two domains and is connected to the patients' needs. Technology, severity of illness, and a high dependency level of the patient are essential in the CCN process for the optimal balance of a patient's needs.
In the main content of nursing and in critical care of nursing from Benner, HooperKyriakidis, and Stannard (1999) , the nursing process is divided into functional terms (interventions, instrumental functionality, and solving problems) and relational terms (nursing, expressive function, inter-humanity, and relationships, including communication). We (the authors) mapped and organized the NAS items with similar content to identify the domains of CCN, and we identified five latent factors. The result of the conceptual model for CCN and the NAS is presented in Figure 1 . The conceptual model of CCN might be explained as prevention, treatment, recovery, respectful attitude, and environment with integrity. Prevention is, for example, the vigilant monitoring of vital signs to avoid deteriorations and performing hygienic measures to reduce infections. Treatment includes many of the interventions performed in an ICU. Recovery is closely connected to mobilization and nursing, with increased survival. A respectful attitude is the manner in which nurses work with patients and their families in individual care plans. The environment with integrity is a part of the administration and teamwork in the unit. These five factors are evident in the professional and direct care of ICU patients (Fagerström & Vainikainen, 2014; Gulbrandsen & Stubberud, 2015) .
The objective of this study was to test the reliability and validity of the conceptual model of CCN in the NAS for adult ICU patients.
MeThoDS
This study consisted of a retrospective observational study that was conducted in September 2011. Daily NAS scores were collected from 219 patients older than 18 years with a LOS of more than 8 hours. Two hundred and fifty-six patients were admitted to two ICUs in specialist hospitals which are run as parts of one university-affiliated organization in Norway. Excluded were five kids and 32 adults with LOS < 8 hours. The ICUs admitted patients from all specialties, but most of the patients were from trauma, surgery, and infectious disease medicine (Table 1) .
Data Collection
Caregiving nurses scored the NAS in the internal quality database as part of their daily clinical routine. The nurses had the educational level of a registered nurse (RN) with or without or additional European standard CCN specialization of 90 ECTS credits, and they had undergone standardized NAS training sessions. Theoretically, each nurse could have rated one or more patients, and altogether in the two ICUs, 83 and 65 nurses were employed at that time. We did not determine who performed the scoring. Only one NAS rating from each patient on the first day of admission was included in this study. For Item 16, "Hemofiltration techniques, dialysis techniques," we collected the NAS rating on the very first day of treatment. To test the reliability, two nurses independently rated the NAS for a given patient on the same day. The caregiving nurses on duty provided the first rating, and based on the notes in a patient's record, a researcher provided the second rating after discharge from the ICU.
Instrument
The NAS is a patient classification system that measures the nursing workload performed at the patient level (Appendix). The average time and personal consumption for therapeutic procedures and nursing activities is included. The nursing activities include monitoring, hygiene, mobilization, administrative activities, and support to the patient and relatives (Miranda et al., 2003) . The NAS tool consists of 23 items with subitems from the lowest (Items 1a, 4a, 6a, 7a, 8a) , and it can range in score from 22.3 to 177. It can be collected retrospectively once per shift or once per day. Each individual item is given a weight of 1.2 to 32, and each represents the percentage of time that is spent by one nurse on a specified activity. A higher score indicates a corresponding increase in nursing time used to care for the patient (Miranda et al., 2003) . The translation of the NAS tool to a Norwegian version has been piloted and was explored for the concurrent validity to the NEMS (Stafseth et al., 2011) , and this version was applied to the present study.
ethical Considerations
This study was conducted in accordance with the Helsinki Declaration and was approved by the Reliability. To test the reliability, paired ratings data were analyzed by descriptive statistics and Spearman's correlation coefficient. The strength of a relationship is defined as follows: 0.1 to 0.3, weak; 0.3 to 0.5, moderate; and 0.5 to 1.0, strong. Differences between the two raters' data were tested by one-sample t-test. The agreement of the two raters' data was examined by Cohen's weighted or unweighted Kappa (K or Kw). Cohen's kappa controls for the amount of agreement that might have occurred merely by chance whereas the weighted kappa reflects the relative seriousness in disagreement between raters (Cohen, 1968) . The unweighted kappa is a well-established statistical measure of inter-rater agreement for categorical items. It has a maximum of 1.0 if the agreement is perfect. In the guidelines for interpretation of weighted kappa the results follow the scale from: 0.0-0.2, slight; 0.21-0.40, fair; 0.41-0.60, moderate; 0.61-0.80, substantial; and 0.81-1.0, to almost perfect (Landis & Koch, 1977) . We decided to investigate nursing activities (not therapeutic procedures) because they represent the highest percentage of items in the NAS and have two or three levels. For Items 1, 4, 6, and 8, which represent the nursing activities in the NAS, the proportions and 95% confidence intervals (CIs) of agreement between the two raters were given according to the Guidelines for Reporting Reliability and Agreement Studies (GRRAS) in Kottner et al. (2011) . One additional item, Item 7, represents nursing activity and has a high percentage in the NAS; however, it has two ordinal categories.
Validity. A theoretical exploration in a conceptual model was performed to confirm the empirical assessment. To be able to conduct a factor analysis, the number of items (e.g., 23) and domains (e.g., 5) must be proportionate to the number of scorings (Watson & Thompson, 2006) . From each patient, only one NAS score was collected and we included the patients' NAS scores until we reached >5 scores in each item. No repeated NAS scores or items were used from a single patient. The sample size was powered to be >200 (Kääriäinen et al., 2011) . In the factor analysis, we used the scores from the caregiving nurses as recommended under conditions as close as possible to the daily routine (Kääriäinen et al., 2011; Kottner et al., 2011) .
In the NAS from the sample from caregiving nurses, four of the 23 items (i.e., q1, q4, q6, and q8) had three ordinal categories, which were merged into two categories before performing the EFA and the confirmatory factor analysis (CFA) embedded in a structural equation model (SEM). The scores of three patients who were assigned to the first category of q1 were excluded because of a large difference in the weight of the categories. The other items displayed very small differences between the last two categories; therefore, the two categories were combined into one category. The scores of two patients for Item q4 were missing. To test the validity of the NAS on the very same sample, that is caregiving nurses, an EFA was also conducted on tetrachoric correlations of binary variables (Darrell Bock & Lieberman, 1970) . The comparison of eigenvalues, which were determined by findings in the matrix such as a vector or size, was performed by parallel analysis with Monte Carlo PCA using 1,000 replications on original data and items.
The CFA was performed as the measurement model in the SEM (Flora & Curran, 2004; Kline, 2016) . The tetrachoric correlation matrix was estimated prior to conducting the EFA and CFA (Flora & Curran, 2004) . In an SEM, it is possible to examine the accuracy of the correlation between a theoretical model and an empirical model, resulting in an estimation of the model fit. The model modification indices (by adding more error covariance between the variables) and goodness of fit (statistics) were inspected using the post-estimation commands. The goodness of fit for the model was assessed by the Akaike information criterion (AIC), the likelihood ratio statistics chi-squared test [χ 2 (df)], the root mean square error of approximation (RMSEA), the comparative fit index (CFI), and Tucker-Lewis fit index (TLI) estimates (STATA SEM Manual). We compared the AIC values from the models of interest, and the model with the lowest value was preferred. CFI and TLI levels close to or greater than 0.95 are acceptable (Watson & Thompson, 2006) . One-and three-factor model was fitted and their goodness of fit was compared. From a statistical aspect, the one-factor model would have been preferred (because the factors were strongly correlated and the sample size may not have needed to be increased). The CFA embedded in the SEM was used to examine and confirm the a priori specified theoretical model consisting of five latent factors related to prevention, treatment, recovery, respectful attitude, and environment with integrity. The relationship between the observed and latent factors was first tested as a full factor model with "prevention" added to the "recovery" factor. The second model was modified with Item 19 removed from the factor "treatment" because of a strong correlation between Items 16 and 19. The third model was a reduced factor model resulting in three latent factors (Figure 3) . The relationship between the dimensions was also tested. The significance level was set to 0.05.
ReSuLTS

Reliability
A sample of NAS ratings from 219 patients in two ICUs was collected in September 2011. Of the enrolled patients, 141 were male (64.4%) and 78 (35.6%) were female. The primary diagnosis of admitting patients are presented in Table 1 . The average age was 54.7 (SD ± 20.1). The average LOS was 2.7 days (SD = 6.2) and the median was 1.0 day. The LOS varied between 8 hours and 58 days. There was no significant gender difference regarding the LOS (U test = 5228, z = -.62, p = .54). A one-sample t-test showed a significant difference in the NAS score between the caregiving nurses (NAS values M = 99.1, SD = 33.7, with min-max of 36.9-168.6) and the research nurses (NAS values M = 114.3, SD = 23.6, with min-max of 54.3-160.7) (p = .03). The Spearman correlation between the raters was 0.39 (95% CI: 0.25-0.51) and was significant (p = .01). The average IRR was substantial using Cohen's weighted kappa (Kw) with a value of 0.85 in Items 1, 4, 6 , and 8 of the NAS. As illustrated, the IRR for nursing activities (Table 2 ) ranged from 0.48 to 0.91 in the unweighted Kappa (K), and the proportions of agreement varied from 0.37 to 0.52.
Validity
The findings of the EFA and the correlation matrix revealed the presence of many coefficients of 0.4 and above (Table 3 ). An initial analysis was performed to obtain eigenvalues for each component in the data. The scree plot (Figure 2 ) warranted six components, which were retained for the final analysis. Six components explained 77% of the variance. All factors are interrelated to some degree. The items that cluster on the same factors suggest that Factor 1 represents "treatment" and Factor 2 "prevention"; the results cannot explain all factors in our conceptual model. The decision of six components was supported by the results of the parallel analysis, which showed components with eigenvalues exceeding the corresponding criterion values for a randomly generated data matrix of the same size (23 variables × 219 scores). Table 3 shows the six-component solution with the pattern matrix (regression coefficients for each variable on each factor).
The results from the CFA embedded in the SEM showed a conceptual model for CCN, which resulted in a reduced factor model in three latent factors ( Figure 3 and Table 4 ). The standardized factor loading between the latent variables was significant in the model. The model displays an acceptable fit to the data because the results showed the following: the likelihood ratio for the model vs. saturated in nonsignificant chi-square χ 2 (170) = 188.2, n = 214 and p = .161 with CFI = .98, TLI = .98, AIC = 11,939.3 and RMSEA = .02. The goodness of fit for one-factor model is also shown in Table 5 . We investigated the information and found cross loadings between the error measurements. The theoretical connection between cross loading occurred if the items had something in common, for example, Item 16 "Hemofiltration techniques, dialysis techniques" and Item 19 "Treatment of complicated metabolic acidosis or alkalosis" (tetrachoric correlation coefficient = .99). 
DISCuSSIoN
This study demonstrated that a conceptual model for CCN of observed NAS could be confirmed in a reduced CFA embedded in an SEM. The three latent factors "relationship," "prevention," and "treatment" could easily be recognized in our conceptual model. For validity, we compared the results from the CFA and EFA and discovered similarities, and for reliability, a moderate correlation was found between raters in the ICUs.
A well-established fact when studying the construct of a tool is that both empirical and theoretical considerations must be made. The latent construct is formed and determined through a combination of items in the NAS, that is the workload and time spent on various nursing activities. The NAS consists of several themes or areas, which are not interchangeable. Adding or dropping an item might increase or decrease only the total score but not the domain of the construct. We had to theoretically identify the NAS items by the terms "functional" and "relational," with five latent factors to describe the conceptual model for CCN (Figure 1) .
Interestingly, in our research, we initially treated the binary items as continuous in the CFA, and the conceptual model for CCN was not confirmed by the observed data. When the CFA was conducted on tetrachoric correlations, assuming that our items reflected underlying and unobserved items, the model did confirm. The statistical results indicated that the sample size should have been larger, or strongly correlated items should be removed to reduce the numbers of items in the conceptual model and avoid collinearity which may disturb the estimation of parameters (Watson & Thompson, 2006) . After performing several analyses described earlier, the CFA was finally reduced to three latent factors which were strongly correlated with each other (see the covariance in Table 4 ). From the clinical aspect, the three-factor model would be preferred. We made the choice of model: the one-factor model could not describe the "reality" or the empirical world of CCN. These results can be interpreted in light of Nordic research in two domains: the interaction between the patient and nurse and the nursing care activities (Athlin, 1998; Fagerström, 1999) . As mentioned previously, the surroundings/environment and nursing competence are essential in CCN. We found a perfect negative correlation between the latent factor "prevention" and "treatment." "Prevention" is a nursing activity that can prevent or even avoid deterioration of patients and the necessity of starting "treatment." A strong positive correlation was found between "prevention" and "relationship," which corresponded well to the importance of continuity of nurses being able to get to know the patient. Finally, a strong negative correlation between "treatment" and "relationship" was determined: if patients are under heavy "treatment," most are on medication (in medically induced or natural comas).
The findings in the present study of strong/perfect correlations indicate a NAS tool which describes interrelationships between all the three factors. However, it must be understood that the NAS mostly assesses direct care and not all types of indirect care (Kakushi & Evora, 2014) . To our knowledge, this study is the first to explore the NAS both empirically and theoretically from the CCN point of view. Our results showed that six latent factors in the EFA explained 77% of the variance; these results were similar to a study performing an EFA on the NAS (the only study identified in the literature), which studied 164 patients and found that 70% of the variance could be described by seven latent factors (Sánchez-Sánchez et al., 2015) . We must briefly discuss the differences and similarities of the statistical results from the EFA in three ways (internal validity): first, items on the original scale without dichotomization; second, items on a dichotomized/binary level; and third, items on a binary dichotomized/binary level using a tetrachoric correlation matrix. For the original scale, we performed the analysis without dichotomization; for the items on a dichotomized/binary level, we performed an EFA on the binary items with rotation (results not shown in this article). For the items on a binary dichotomized/binary level, we performed the analysis on a tetrachoric level for the complex interpretation of CFA (on same level); some of the results are reported in this article. Surprisingly in the latent factor "treatment," 11 out of 12 items in NAS had negative correlations (significant) between the observed variables. That indicates us to remove the factor from the model because the model is statistically overfitted and too strongly correlated with "prevention." However, in the NAS tool, "treatment" represents 41.6% (of 177%). The "treatment" factor correlated positively with its corresponding items when the "prevention" factor was not included. The statistical results and goodness of fit without the "prevention" factor in the model were not confirmed by SEM because the fitted model was not full rank, but the model without the "treatment" factor in the model fitted very well. It seems likely that the "prevention" factor has a priority from the items when both the "prevention" and "treatment" factors were in the model. However, it might be in comparison of "treatment" to the nursing activities (i.e., five items in NAS) that have high scores in the instrument. In the clinical setting and in CCN, the treatment of ICU patients counts toward highly specialized health care and its complexity. We have followed the tradition and development of patient classification system from large systems to index systems, and to date, the NAS is beneficial because it is a system that is derived from nursing time and is able to explain 81% of the nursing time (Miranda et al., 2003; Reis Miranda & Jegers, 2012; Watson & Thompson, 2006) . It is important to recall the background and history of the development of systems, particularly the NAS tool, from the assessment of medical interventions to adding five areas of nursing activities (monitoring, hygiene, mobilization, administrative activities, and support to patients and relatives). As mentioned previously, we could only identify one earlier factor analysis on the NAS, and it would be of interest to see whether similar results are reported in other countries in larger samples.
In the literature on reliability tests of tools, several methods have been reported (Polit & Beck, 2012) . We tested reliability in paired NAS ratings; in our study, the caregiving nurses (daily bedside) and the researcher derived NAS ratings based on notes in the patient's records. The method was chosen because of the short time period to obtain the data. In our study, the raters (nurses) were responsible for daily ratings, and because of organizational and financial constraints, we could not reduce the numbers of raters. Presenting scores from several raters might have strengthened the results. One reliable method, in which a health professional scored the same patient as the other raters, was used in a study of IRR (Stuedahl et al., 2015) . One earlier study conducted a pretest (reliability) of understanding of each item in the NAS (Ducci & Padilha, 2008) . In their study, the nurse and the researcher scored the NAS from records for both retrospective and prospective applications. They found no significant differences in the average NAS between raters, which does not surprise us because the information that can be assessed from records is limited. In the same study, the degree of agreement was described to range from 23% to 71.8%, and the Kappa (Kw) of nursing activities with subitems was found to be low, ranging from 0.03 to 0.46 (Ducci & Padilha, 2008) . In scientific debate, there are arguments that reliability and agreement should be investigated under conditions as close as possible to the daily routine (Kottner et al., 2011) . Therefore, we used the daily scores from caregiving nurses for many of the analysis in the present study.
The NAS tool is constructed with a variation in item measures, for example, Item 1 a, b, or c. There are variations in time consumption and the level of treatment. Therefore, it is evident that in the present study, the NAS from the researcher might have been the result of nurse documentations in the records. Our results indicated that the researcher could have both under-or overestimated the NAS from the patients' records. This improper estimation could be a result of difficulties in determining the level and weighting of each nurse's time consumption and workload from the records, or a result of an inaccuracy in the interpretation of items. Several other correlation studies Altafin et al., 2014; Nogueira et al., 2014) were based only on data from researchers and not from caregiving nurses. A better method might be to test the reliability independently from two caregiving nurses (raters) on the same day rather than from records.
As a patient classification system, the NAS has limitations in the assessment of workload. The NAS can explain approximately 81% of direct care; hence, it is not possible to assess all nursing activities (Miranda et al., 2003) . One major aspect to consider is the actual number of nurses on duty, which might result in a higher score. For example, for Item 6 "mobilization and positioning," if three or more nurses perform the procedure, a high weight is given to Item 6c, but if fewer nurses are available, it is only possible to score a or b with lower weights.
In summary, the IRR of the NAS was significant and provided empirical support for the stability of the system. The test of validity performed well in the EFA and CFA. We recommend the use of whole ratings in the NAS, as suggested in previous studies (Miranda et al., 2003; Reis Miranda & Jegers, 2012) . CCN is complex and has a huge and obvious human relations aspect; nurse competency requires more than technical skill alone. The factors related to respectful attitude and providing an environment with integrity (Aäri, Tarja, & Helena, 2008; Lakanmaa, Suominen, Perttilä, Puukka, & Leino-Kilpi, 2012) are not easy to assess or quantify, and communication is one of the core values in CCN. Nevertheless, different instruments are only as good as each assessment and performance in delivering care to intensive care patients. Caring is more than the sum of time-consuming activities (Fagerström, 1999) , and more than the sum of NAS percentages. We thus encourage future nursing research to explore the NAS tool by recalibrating the weights attributed to the items in the NAS.
LIMITATIoNS AND STReNgThS
This study provides new insight, both theoretical and empirical, into CCN. However, some limitations have been mentioned and should be considered when interpreting the results. A strength in the data collection was the equivalence of a system by IRR, in which two persons scored the NAS independently using standardized scoring criteria. It is uncertain whether the methodological treatment of the data to recode three ordinal categories into two might have influenced the findings. For example in Item 8, the actual number of scores of a, b, or c, respectively; if the choice of a and b (as one category) with c, or b and c (as one category) with a. However, we cannot find any evidence that the recoding influenced our results.
We chose to treat the data as binary data, with items representing underlying continuous variables. The technique for estimating binary data in estimating correlation is applicable for tetrachoric correlations. This technique is perfect for rating scales (such as the NAS) with a small number of observations. We treated our variables as binary in the preferred model ( Figure 3 ). For the analysis by EFA, a more comprehensive sample size would have strengthened the study.
IMPLICATIoNS FoR PRACTICe
The NAS will allow nurses and nurse managers to assess CCN. Use of the NAS tool could be valid for nurse allocation in critical care, and in nursing management. This knowledge will increase the novel understanding of assessment of nurses' workload in ICUs.
CoNCLuSIoN
The tests of reliability and validity of the conceptual model in the NAS on ICU patients provided empirical support for its usefulness in the assessment of CCN. The findings supported the IRR and construct validity of the NAS scores in two ICUs in Norway. Continued amendment and validation of the NAS on a larger sample of patients from different ICUs and countries would be required to estimate the workload. 8b. Performing administrative and managerial tasks requiring full dedication for about 2 hrs in any shift such as research activities, protocols in use, admission and discharge procedures 23.2% 8c. Performing administrative and managerial tasks requiring full dedication for about 4 hrs or more of the time in any shift such as death and organ donation procedures, coordination with other disciplines 30.0%
Ventilatory support
9. Respiratory support: any form of mechanical ventilation/assisted ventilation with or without positive end-expiratory pressure, with or without muscle relaxants, spontaneous breathing with or without positive end-expiratory pressure with or without endotracheal tube supplementary oxygen by any method 1.4% 10. Care of artificial airways: endotracheal tube or tracheostomy cannula 1.8% 11. Treatment for improving lung function: thorax physiotherapy, incentive spirometry, inhalation therapy, intratracheal Suctioning 4.4% patient, such as: radiographs, echography, electrocardiogram, dressings, or insertion of venous or arterial catheters, are not included 2.8% 23. Specific interventions outside the intensive care unit: surgery or diagnostic procedures 1.9% In the Items 1, 4, 6, 7, and 8, only one subitem (a, b, or c) can be scored; the weights represent the percentage of time spent by one nurse on the activity mentioned in the item, if performed.
